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ABSTRACT 


The  objectives  of  this  Investigation  were  (1)  to  develop  elastomeric  seals 
for  5Z00  psi  air  systems  wherein  the  compressors  are  lubricated  with  either 
petroleum-base  fluids  or  with  phosphate-ester  fluids  conforming  to  specifica¬ 
tion  MIL-H-19457,  and  (2)  to  prepare  a  specification  for  these  seals. 

A  Vi  ton  B  stock  (177-11  was  previously  developed  and  shown  by  performance 
tests  to  be  very  suitable  for  the  purpose.  However,  0-rlngs  of  this  stock 
corroded  steel  and  bronze  under  humid  conditions  •  This  problem  was  solved  by 
washing  the  O-rings  with  soap  and  water  prior  to  placing  them  In  contact  with 
the  metals  j 

Dynamic  and  static  performance  tests  of  377-112  0-rlngs  lubricated  with 
dry  molybdenum  disulfide  verified  the  suitability  of  this  stock  and  showed 
that  this  lubricant  was  as  satisfactory  as  MIL-L-4343A  grease  currently  used  In 
high  pressure  air  systems.  The  use  of  the  dry  molybdenum  disulfide  lubricant 
would  eliminate  the  possible  explosion  hazard  Incurred  by  the  use  of  M1L-L-4343A 
grease , 

Specimens  of  stock  ML-G-522  developed  by  the  Material  Laboratory,  New  York 
Naval  Shipyard,  swelled  excessively  after  exposure  to  5200  psl  air  and  blistered 
when  subjected  to  a  performance  test  The  stock  was  therefore  considered  unsatis¬ 
factory  for  use  In  seals  for  5200  psl  air  systems. 

A  specification  was  prepared  based  on  tests  conducted  on  specimens  of 
stock  377-112. 
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ester  conforming  to  speclficstlon  MIL-H-1%57,  reference  (b)  .  The  seals  must, 
therefore,  be  coopatlble  with  both  fluids  as  well  as  compressed  air, 

Z,  The  work  was  to  be  accomplished  In  t%fO  phases.  Phase  1  comprised  the 
development  of  seals  for  use  in  5200  psi  air  systems,  and  Phase  2,  the  develop¬ 
ment  of  seals  suitable  for  12,500  psi  systems.  Reference  (a)  requested  that  a 
proposed  specification  for  the  seals  be  written  which  would  include  a  cycling 
endurance  test.  Reference  (c)  deleted  the  requirement  for  a  cycling  endurance 
test . 

3.  When  rubber  seals  are  subjected  to  high  pressure  air,  they  absorb  air  in 
proportion  to  the  pressure.  If  the  seal  is  suddenly  decompressed  after  exposure 
for  several  hours,  it  will  swell  due  to  effervescence  of  the  air  dissolved  in 
the  rubber.  The  amount  of  svfelllng  is  limited  by  the  strength  and  rigidity  of 
the  rubber.  If  the  swelling  Is  great  enough,  the  seal  will  be  so  weakened  by 
the  formation  of  air-filled  pores  that  rupture  or  extrusion  of  the  seal  will 
occur  when  it  Is  again  subjected  to  high  pressure  air..  Seals  for  this  service 
must  therefore  have  sufficient  strength  and  rigidity  to  prevent  such  excessive 
swel ling. 

4.  This  is  the  final  report  of  phase  1  of  this  investigation;  the  previous 
reports  were  references  (d)  throu^  (J)  ,  A  suamary  of  the  findings  from  these 
reports  is  given  in  the  following  paragraphs: 

a.  Seals  prepared  from  Viton  B  are  satisfactory  for  high  pressure  air 
service  and  are  Judged  superior  to  those  of  Viton  A-HV  in  respect 
to  processing  on  factory  equipment.  Seals  of  the  two  rubbers  are 
equal  in  resistance  to  swelling  by  both  types  of  compressor  lubricants 
and  by  high  pressure  air. 


2 


b-  Class  B  (70  Shore  A)  O-rings  of  M1L-P-5516B,  reference  (k) ,  are 

unsuitable  for  use  In  5200  pal  service.  Class  A  (90  Shore  A)  O-rlngs 
have  marginal  suitability  for  this  service,  provided  petroleum- base 
lubricants  are  used  In  Che  compressor. 

c.  Simulated  service  tests  were  run  on  70,  80,  and  90  Shore  A  Vlton  B 
O-rlngs.  All  O-rlngs  sealed  satisfactorily,  but  the  70  Shore  A  O-rlngs 
exhibited  excessive  swell.  The  best  stock  tested  was  a  90  Shore  A 
Vlton  B  compound,  377-llZ. 

d.  When  O-rlngs  of  stock  377-112  were  subjected  to  a  corrosion  test  similar 
to  that  In  Specification  MIL-P-5516B,  they  were  found  to  corrode  steel 
and  brass  under  the  humid  test  conditions.  This  stock  could  not, 
therefore,  be  Judged  completely  satisfactory  for  making  seals  for  high 
pressure  air  systems  until  Its  cori'osiveness  could  be  controlled. 

5.  This  report  presents  the  following  Information: 

a  .  A  method  for  preventing  corrosion  of  metals  by  Vlton  vulcanlzates . 

b-  A  comparison  of  O-rlngs  of  stock  377-112  with  O-rlngs  of  Material 
Laboratory  (New  York  Naval  Shipyard)  stock  ML-G-522. 

c.  A  comparison  of  M1L-L-4343A  grease  with  dry  molybdenum  sulfide  for 
lubricating  seals  In  high  pressure  air  systems. 

d.  A  proposed  specification  for  seals  for  high  pressure  air,  and  the 
results  obtained  when  specimens  of  stock  377-112  were  subjected  to 
the  specification  tests. 

PREVENTION  OF  CORROSION 

6.  As  stated  above  the  best  stock  developed  by  the  Laboratory  for  seals  for 

5200  psl  air  service  Is  377-112.  The  recipe  for  this  stock  is  as  follows: 
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Stock  377--112 


Viton  B  100 

The  max  10 

Philblack  E  15 

Maglite  0  15 

Stearic  acid  0.5 

Di-lsooctyl  aebacate  3 

Olak  Mo.  3  4 


CURE:  30  inln.  at  300*F  In  presa,  plus  1  hr.  at 

200*,  250  *,  300®,  350®,  and  400*F  In  oven, 
plus  24  hrs.  at  450  F  In  oven. 

7.  The  physical  properties  of  this  stock  are  excellent  In  addition,  0-rlngs 
of  this  stock  successfully  passed  the  simulated  service  test  described  In 
Report  28-9,  reference  (j) .  However,  as  stated  previously,  O-rlngs  of  this 
stock  corroded  steel  and  bronze  plates  when  subjected  to  a  corrosion  test 
similar  to  that  In  specification  MIL-P-5516B  and  described  In  Report  28-9. 
Essentially,  this  test  consisted  of  humidifying  0-rlngs  with  ambient  air  of 
lOOX  relative  humidity  for  72  hours,  dipping  them  In  Cellulube  220,  and  clamping 
the  wet  O-rlngs  between  polished  metal  plates  of  steel,  bronze,  brass,  and 
aluminum  for  96  hours  at  100%  relative  humidity. 

8.  Since  Report  28-9  was  Issued,  it  was  found  that  this  tendency  to  corrode 
steel  and  bronze  was  coimnon  to  all  Viton  stocks  and  could  not  be  eliminated 

by  any  of  a  number  of  compounding  variations  tried.  However,  It  was  discovered 
that  corrosion  could  be  completely  eliminated  by  simply  washing  the  O-rlngs 
with  soap  and  water  after  humidification  and  just  before  clamping  between  the 
polished  test  plates  .  No  corrosion  occurred  even  wtien  the  tine  of  contact  of 
the  plates  with  Viton  B  O-rlngs  was  extended  from  96  hours  (4  days)  to  60  days. 

The  stocks  studied  and  the  test  procedures  used  are  given  In  detail  In  Report  92-13, 
reference  (1).  It  was  verified  that  this  washing  procedure  also  eliminated  the 
corrosiveness  of  377-112  O-rlngs,  as  shown  by  tha  results  given  in  Appendix  4. 
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COMPARISON  OF  STOCK  377-112  AMD  STOCK  ML-C-522 


9.  The  Material  Laboratory,  New  York  Naval  Shipyard,  in  reference  (m)  deacribed 
a  Viton  B  stock  (ML-G-S22)  which  they  recotamended  for  high  pressure  air  service. 
The  recipe  of  this  stock  is  given  below: 

Stock  ML-G-522 


Viton  B  100 
Thermax  45 
Maglite  D  15 
Di-.isooctyl  sebacate  5 
Disk  No.  3  (LD-214)  4 


CURE'.  30  min.  at  300 *F  in  press,  plus  1  hr.  at  200*, 

250*,  300*,  and  350*F  in  oven,  plus  24  hrs .  at 
400* F  in  oven. 

10.  Specimens  were  cured  from  this  stock  and  from  Rubber  Laboratory  stock  377-112 
(recipe  In  paragraph  6)  .  The  specimens  were  then  submitted  to  the  tests  listed 
below  with  the  indicated  results: 


ML-G-522 

377-112 

Tensile  strength,  psi  * 

1900 

2190 

Ultimate  elongation,  T, 

160 

140 

Stress  at  1001  elongation,  psi 

1260 

1630 

Shore  A  hardness,  15-second  reading 

83 

88 

Volume  change,  after  168  hours  at  212^  in  Cellulube 

220,  X  +5 

+5 

Voluam  change,  after  168  hours  at  212'^F  in  Cellulube 
plus  168  hours  at  74*F  in  5200  psi  air,  measured  1 
after  decompression,  \ 

220, 

hour 

+15 

+9 

11.  The  tests  were  run  on  AN6230-7  O-rlngs  except  for  hardness,  which  was 
measured  on  1/4-lnch  thick  by  2-inch  diasieter  specimens.  The  teat  procedurea 
used  were  the  same  as  those  given  in  paragraph  19. 

12.  It  waa  the  opinion  of  the  Rubber  Laboratory  that  the  swell  of  the  ML-C-522 
O-rings  after  exposure  to  high  pressure  air  waa  excessive,  and  that  suitability 
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of  this  stock  for  making  high  pressure  air  seals  was  questionable.  0-rings 
of  stock  ML-G-522  were  submitted,  therefore,  to  the  simulated  service  test 
developed  by  the  Rubber  Laboratory  and  described  in  detail  in  Report  28-9. 

Briefly,  the  test  apparatus  consists  of  a  steel  cylinder  closed  at  both  ends 
with  steel  caps  fitted  with  AN6230-7  O-rlngs  of  the  stock  being  tested.  These 
serve  as  static  seals  (gaskets) ^  An  aluminum  piston  fitted  with  an  A1I6227-27 
0-rlng  of  the  stock  being  tested  at  either  end,  slides  back  and  forth  in  the 
cylinder.  These  O-rings  are  dynamic  seals  (packings) .  The  space  bet^»en  the 
two  d>'nanic  seals  is  vented  to  the  atmosphere.  In  operation,  air  at  5200  psi 
is  introduced  into  each  end  of  the  cylinder.  At  SO-mlnute  Intervals,  the 
pressure  is  released,  then  re-established,  and  the  piston  moved  the  length  of 
the  cylinder  by  aainentarily  releasing  the  pressure  at  one  end  of  the  cylinder. 

The  test  is  continued  8-1/2  hours  per  day,  five  days  a  week,  until  failure  or 
until  400  cycles  have  occurred.  Pressure  is  maintained  at  5200  psi  overnights 
and  weekends . 

13.  Prior  to  testing,  all  four  of  the  KL-G-322  O-rlngs  were  limnersed  in  Cellulube  220 
for  94  hours  at  ISS^F.  They  were  then  wiped  with  grease  conforming  to  specification 
HIL-L-4343A,  reference  (n)  ,  to  provide  the  necessary  lubrication  both  for  installa¬ 
tion  and  for  subsequent  cycling. 

14.  None  of  the  four  0-rings  leaked,  and  the  test  was  teminsted  after  400  cycles. 

However,  on  disassembling  the  apparatus,  it  was  found  that  all  four  O-rings  were 

blistered.  Appendix  1  Is  a  photograph  showing  one  of  the  bllstera,  and  Appendix  2 

Is  a  photograph  showing  a  cross-section  of  one  of  the  blisters.  As  may  be  seen, 

the  O-rings  had  suffered  major  damage.  O-rings  made  from  377-112  withatood  this 
test  without  blistering,  as  shown  in  Report  28-9  and  in  paragraph  16  below. 
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15.  The  results  of  the  simulated  service  test  confinsed  the  belief  that  stock 
MIi-6-522  was  not  entirely  suitable  for  high  pressure  air  service.  The  results 
also  substantiated  the  opinion  expressed  In  Report  28-9  that  the  results  of 
physical  tests  would  Indicate  which  seals  were  satisfactory  for  high  pressure 
service,  and  that  Inclusion  of  a  simulated  service  test  In  a  specification 
for  these  seals  was  not  necessary.  The  Bureau  concurred  with  this  opinion  In 
reference  (c)  ,  wherein  the  requirement  for  a  perfomance  test  was  deleted  from 
the  assignment. 

LUBRICANTS  FOR  0'RIN(K 

16.  The  Laboratory  has  performed  many  simulated  service  tests  with  high  pres¬ 
sure  air  on  Vlton  0- rings  and  nitrile  rubber  0- rings  lubricated  with  MIL-L-4343A 
grease  without  mishap.  This  Is  the  grease  used  for  lubricating  seals  In  the 
high  pressure  air  systems  of  submarines.  However,  the  Bureau  recently  expressed 
concern,  reference  (o),  over  the  use  of  MIL-L-4343A  grease  for  lubricating  the 
0-rlngs  In  the  simulated  service  test  because  of  the  possibility  of  spontaneous 
combustion.  The  Bureau  suggested  the  use  of  molybdenum  sulfide  as  a  lubricant. 

17.  The  Laboratory  has  tested  a  total  of  twelve  0-rings  In  the  simulated  service 
test  apparatus  using  Molykote  Type  F,  a  powdered  molybdenum  disulfide.  The  0-rlngs 
were  cured  from  stock  377-112.  The  tests  were  terminated  after  400  cycles  when 

no  leaks  were  observed.  Close  examination  of  the  0-rings  revealed  no  damage 
whatever.  It  is  concluded  chat  Molykote  Is  a  satisfactory  lubricant  for  this 
service . 

18.  It  should  be  noted  chat  these  tests  bring  the  number  of  377-112  O-rlngs 
tested  in  simulated  service  to  twenty-four.  None  has  failed  or  shown  any  sign 
of  damage.  Stock  377-112  is  therefore  Judged  to  be  eminently  suited  for  making 
seals  for  5200  psi  air  service,  since,  as  was  mentioned  earlier  In  this  report, 
corrosion  Is  no  longer  a  problem. 
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PUJPOSED  SPECIFZCATIGN  TESTS 


* 

19.  The  Bureau  Inatructed  the  Laboratory  in  reference  (a)  to  prepare  a  specifi¬ 
cation  for  seals  to  be  used  in  high  pressure  air  service.  Accordingly,  a 
proposed  specification  for  seals  suitable  for  use  in  5200  psi  air  systeaui  was 
prepared  and  is  included  herewith  as  Appendix  3.  The  requirements  of  this 
specification  are  based  on  the  properties  of  stock  377-112  and  were  designed  to 
insure  the  suitability  of  candidate  materials  for  the  purpose.  The  properties 
measured  and  the  test  procedures  en^loped  in  testing  377-112  are  listed  below. 

All  tests  were  performed  on  AN6230-7  O-rings  (0.139-inch  cross-sectional  dlaiaeter 
by  2.36-lnch  inside  diameter)  except  as  noted.  All  numbered  test  methods  may 
be  found  in  Federal  Test  Method  Standard  No.  601,  reference  (p)  . 


Initial  properties 

Tensile  strength  Method  Alll .  Six  0-rings  were  tested  and  the 

average  value  calculated. 

UltUsate  elongation  Method  4121.  Six  0-rings  were  tested  and  the 

average  value  calculated. 

Stress  at  1007.  elongation  Method  4131.  Six  0-rings  were  tested  and  Che 

average  value  calculated. 

Hardness,  Shore  A  Method  3021.  Specimens  were  1/4  inch  thick  by 

2  inches  diameter.  The  IS-second  reading  was 
taken . 

Permanent  sec  O-rings  were  stretched  over  a  cone  to  SOX  elonga¬ 

tion,  held  10  minutes,  released  10  minutes,  and 
the  percent  increase  of  internal  diameter  measured. 
Three  O-rings  were  tested  and  the  average  value 
calculated . 


Properties  after  axing  70  hours  at  212*P  in  Air  at  Atmospheric  Pressure. 
Method  7221 


Tensile  strength 
Ultisiate  elongation 


Method  4111.  Six  O-rings  were  tested  and  the 
average  value  calculated. 

Method  4121.  Six  0-rings  were  tested  and  the 
average  value  calculated. 
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Stress  at  100%  elongation  Method  4131.  Six  O-rlngs  were  tested  and  the 

average  value  calculated. 

Method  3021.  Specimens  were  1/4  inch  thick  by 
2  inches  diaswter.  The  15-second  reading  was 
taken . 

Method  3311.  Specimens  were  two  1/4  inch  thick 
discs  stacked.  After  release  from  compression, 
the  recovery  time  was  30  minutes  at  212*F  plus 
30  minutes  at  74*F  before  final  thickness  sieasure- 
ments . 

Properties  after  axlna  70  hours  at  212*F  in  Cellulube  220 

Tensile  strength  Method  6111.  Tensile  strength  was  based  on  the 

swollen  cross  section  calculated  from  the  measured 
diameter.  Six  0-rings  were  tested  and  the  average 
value  calculated 

• 

Ultimate  elongation  Method  6111.  Six  O-rings  were  tested  and  Che 

average  value  calculated. 

Stress  at  100%  elongation  Method  6111,  The  stress  was  based  on  the  swollen 

cross  section  calculated  from  the  measured  diameter. 
Six  O-rlngs  were  tested  and  the  average  value 
calculated . 

Method  3021.  Specimens  were  1/4  inch  thick  by 
2  inches  diameter  The  15-second  reading  was 
taken.  Before  testing,  the  specimens  were  removed 
from  the  hot  fluid  and  cooled  in  the  same  fluid  at 
room  temperature  for  30  minutes. 

Method  6211.  Three  0-rings  were  tested  and  Che 
average  value  calculated. 

Properties  after  aginx  70  hours  at  212*F  in  Medium  No.  3.  of  Method  6001 

All  tests  and  procedures  were  the  sasie  as  those  listed  for  Cellulube  220. 
Medium  No.  3  oil,  which  is  Che  same  as  ASTM  No.  3  oil,  was  selected  by  the 
Bureau  in  reference  (a)  to  represent  a  petroleum-base  lubricant. 

Volume  change  after  70  hours  at  212*F  in  Cellulube  220,  followed  by  168  hours  in 
air  at  5200  psig.  followed  by  release  of  pressure  to  0  pstn  in  15  seconds  or  less 

Four  O-rings  were  lomersed  in  the  liquid  and  then  in  compressed  air  as 
indicated.  One  hour  after  decompression,  the  change  in  volume  of  the  O-rings 
was  calculated  in  accordance  with  Method  6211,  and  the  results  were  averaged. 
The  reason  for  the  one  hour  waiting  Interval  after  deccMsp  reap  ion  is  explained 
in  Report  28-9. 


Hardness,  Shore  A 


Volume  change 


Hardness ,  Shore  A 


Cong) ress ion  set 
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Voluae  change  after  70  hours  at  212*F  in  Cellulube  2Z0.  followed  by  168  hours 
in  atr  tt  5200  patg.  followed  by  relcaae  of  pressure  to  0  Pitg  in  15  aecends 

2£j£ta 


Procedure  was  the  same  as  that  given  above  for  Cellulube  220. 

Corrosion  of  metals  by  O-rings  after  contact  for  96  hours  at  74*F  In  ambient 
air  of  100%  relative  humidity 

The  procedure  In  general  followed  that  described  in  paragraph  4.5.6  of 
specification  MIL-P-SSlbB.  The  procedure  differed  from  that  described  in  the 
specification  in  the  following  regards:  metals  used,  fluids  used  for  the 
wetting  of  the  0-rlngs  and  the  metal  plates,  and  the  washing  of  the  0>rlngs 
with  soap  and  water  followed  by  drying.  The  latter  operation  took  place 
imnediately  after  humidification,  and  Just  prior  to  dipping  the  0-ring  and 
plates  Into  the  liquid  and  clamping  them  together.  The  metals  used  and  the 
pertinent  specifications  were  as  follows: 

Aluminum  alloy  QQ-A-318,  Temper  H32 

Brass  MIL-B-994,  Composition  A 

Bronze  QQ-P-330,  Composition  A 

Steel  MIL-S-6758,  Condition  C2 

This  test  was  performed  with  O-^rings  and  metal  plates  which  had  been 
dipped  In  Cellulube  220  before  clamping  together  It  was  also  performed  with 
0>ringa  and  metal  plates  which  had  been  dipped  In  Medium  No.  3  before  clamping 
together. 

20.  The  results  of  the  tests  performed  on  stock  377>112  and  the  proposed  sped* 
flcation  requirements  for  these  tests  are  given  In  Appendix  4. 


FUTURE  WORK 


,  21  The  development  of  seals  for  use  In  12,500  psl  air  systems  will  be  under- 

taken  in  accordance  with  Che  Instructions  in  reference  (a)  . 
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APPENDICES 


1-  Photograph.  Blistering  of  stock  HL-G>522  0-rlng  after  simulated  service 
test  In  5200  psl  air  (photograph  no.  NY9-54999-5-62) . 

2.  Photograph.  Cross  section  view  of  blistered  stock  ML-G-522  0-rlng  after 

simulated  service  test  In  5200  psl  air  (photograph  no. 
NY9-55000-5-62) . 

3.  Proposed  specification  for  seals  for  5200  psl  air  systems  having  compressors 
lubricated  with  either  petroleum-base  of  phosphate-ester  fluids. 

4.  Table.  Properties  of  stock  377-112  and  proposed  specification  require¬ 

ments 

Distribution  of  report. 
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«:ss  StCTio-.  Vltw  or  S:.I8TERED  STOCK  ML-S-5^.:  0-Ft  I  >. 
-■fTCH  S  Service  Test  in  5^00  RSi  Air.  30X 


PRDPEKTIES  OF  STOCK  377-112  AND  PROPOSED  SPECIFICATICm  REQUIREMENTS 

(Sheet  2  of  2) 


Testa 


(1) 


Proposed 

Stock  Specification 
377-112  Requirements 


After  70  hours  at  212*F  in  Medium  No.  3 
test  fluid 


Tensile  strength,  pel 

2120 

Tensile  strength,  retention,  % 

99 

Min.  85 

Ultimate  elongation,  % 

150 

Ultimate  elongation,  retention,  % 

107 

Min.  85 

Stress  at  100%  elongacion,  psi 

1440 

Stress  at  100%  elongation,  retention^  % 
Shore  A  hardness,  15-aecond  readlng^**^ 

94 

86 

88+5 

Change  In  Shore  A  hardness,  points 

-2 

Volume  change,  % 

+2 

Max.  +5 

Min.  0 

After  70  hours  at  212  F  In  Cellulube  220 
plus  166  hours  at  7A”F  in  52Q0  pst  air 

Volume  change,  1  hour  after  decompression, 

7.  +7  Max„  +10 


After  70  hours  at  212  F  In  Medium  No.  3 
test  fluid  plus  168  hours  at  74*?  in 

Volume  change,  1  hour  after  decompression, 

7.  +4  Max.  +10 


Corrosion  and  adhesion  after  96  hours  at 
100%  relative  humidity,  specimcnB  wet 
with  Cellulube  220 


Steel 

None^^^ 

None 

Bronse 

None 

None 

Brass 

None 

None 

Aluminum 

None 

None 

Corrosion  and  adhesion  after  96  hours  at 
100%  relative  humidity,  specimens  %^t 
with  test  fluid  Medium  No.  3 


Steel 

None 

None 

Bronze 

None 

None 

Brass 

None 

None 

Aluminum 

None 

None 

(1)  All  tests  performed  on  AN6230-7  O-rings  except  as  noted. 

(2)  Hardness  roesaured  on  l/4-lnch  thick  by  2  inch  diameter  specimens. 

(4)  No  corrosion  was  evident  on  any  of  the  metals  when  specimens  were  clasiped 
for  60  days. 

(5)  Discoloration  and  staining  shall  not  be  considered  detrimental  if  the  metal 
surface  la  not  roughened. 
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PROPOSED  SPECIFICATION  FOR 

SEALS  FOR  5200  PS  I  AIR  SYSTEMS  HAVING  COMPRESSORS  LUBRICATED 
VITB  EITHER  PETROLEUM-BASE  OR  PHOSPHATE -ESTER  FLUIDS 


K  SCOPE 

1.1  This  specification  covers  packings  and  gaskets  intended  for  use  In 
5200  psl  air  systems  having  compressors  lubricated  with  either  a  petroleum-base 
fluid  or  with  a  phosphate-ester  fluid  conforming  to  Military  Specification 
MlL-H-19457. 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents «  of  the  issue  in  effect  on  date  of  invitation 
for  bids,  form  a  part  of  this  specification. 

SPECIFICATIONS 


FEDERAL 

QQ-A-318 

QQ-P-330 

Aluminum  Alloy,  Plate  and  Sheet 

Phosphor  Bronze  Bars,  Plates,  Rods,  Sheets,  Strips, 
Flat  Wire,  and  Structural  and  Special  Shaped  Sections 

MILITARY 

MIL-B-994 

MIL-S-6758 

MIL-H- 19457 

Brass,  Naval,  Rods,  Wire,  Shapes,  Forgings,  and  Flat 
Products  (Flat  Wire,  Strip  Sheet,  Bar  and  Plate) 
Steel,  Cltrome -Molybdenum  (4130)  Bars  and  Reforglng 
Stock  (Aircraft  Quality) 

Hydraulic  Fluid,  Fire  Resistant 

STANDARDS 

FEDERAL 

FED- STD-601 

Rubber:  Sampling  and  Testing 

MILITARY 

•  _ 

MS28772 

Packing,  D-Rlng,  Shock  Strut 

AIR  FORCE-NAVY  AERONATUTICAL 


AN6225  Packing:  V-Rlng  Hydraulic 

AN6226  Packing:  U-Cup  Hydraulic 

AN6227  Packing:  0-Rlng  Hydraulic 

AN6230  Gasket:  0-Ring  Hydraulic 

3 .  REQUIREMENTS 

3. I  Materials*  The  Items  covered  by  this  specification  shall  be  siade  from 
compounds  wiilch  have  been  tested  as  specified  herein,  and  which  are  compatible  with 
ftedlun  Ho.  3  of  Method  6001,  FEO-STD-601,  and  with  fluids  conforming  to  MIL-H-194S7. 
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3.2  Dealan  and  coastructton. 

3.2.1  Shapa  and  dlmnatona.  The  shape  and  dioenalona  of  D-ring  packings 
shall  conform  to  H828772,  V>rlng  packings  to  AN6225,  U*cup  packings  to  Alf6226, 

O’ ring  packings  to  AN6227»  and  0-rlng  gaskets  to  AN6230. 

3.2.2  Finish.  Mold  flash  shall  be  renK>ved  from  the  packings. and  gaakats  In 
such  a  manner  chat  they  conform  to  the  requirements  specified  herein  and  on  the 
applicable  standards.  Any  method  used  to  trim  Che  mold  flash  on  O-rlngs  shall  not 
remove  the  original  mold  finish  cf  the  ring  over  an  area  wider  than  1/16-inch 
maximum  adjacent  to  Che  flash. 


3.2.2.1  The  sealing  surfaces  of  packings  and  gaskets  shall  not  have  defects 
such  as  pits,  raised  spots,  cool  siarks  resulting  from  mold  imperfections,  «d)lch 
are  greater  than  0.003  inch  in  height  or  depth.  Such  imperfections  shall  not  be 
grouped  closely,  and  shall  cover  not  more  chan  lOX  of  the  surface.  The  entire 
surface  of  0-ring  packings  and  gaskets  shall  be  considered  sealing  surface. 

3. 2. 2. 2  The  non-sealing  surface  of  U-cup  and  V-ring  packings  shall  be  free 
from  irregularities  greater  chan  tO.OlO  inch,  and  shall  contain  no  cuts,  laps, 
cracks,  seams,  or  other  defects.  The  irregularities  present  shall  not  cause  the 
packings  to  exceed  the  stack  height  tolerances. 

3.2.3  SpUc ina.  Splicing  of  vulcanized  materials  shall  not  be  used  in  the 
manufacture  of  packings  or  gaskets. 


3.3  Properties  of  rubber. 


3.3.1 
shall  have 


Initial  properties.  When  tested  as  specified  In  4.2.1, 
the  following  properties: 


Che  rubber 


Tensile  strength,  minimum,  psi  1700 

Ultimate  elongation,  minimum,  psi  100 

Hardneas,  Shore  A  durometer  88±5 

Permanent  set,  maximum,  X  12 


3.3.2  Oven  Aaina.  When  subjected  to  the  oven  aging  test  specified  in  4.2.2, 
the  rubber  shall  have  the  following  properties: 


Tensile  strength,  minimum  retention,  X  85 

Ultimate  elongation,  minimum  retention,  X  85 

Hardness,  Shore  A  duroswter  8815 

Compression  sec,  maximum,  X  40 


3.3.3  Aaina  in  MIL-H-19457  fluid.  After  inaeraion  in  fluid  conforming  to 
MIL-H-19457,  as  specified  in  4.2.3,  the  rubber  shall  have  the  following  properties; 


Tensile  strength,  minlanim  retention,  X  85 

Ultimate  elongation,  minimum  retention,  X  85 
Hardness,  Shore  A  durometer  85±5 

Change  in  volume,  maximum,  X  48 

Change  in  volume,  minimum,  X  0 

* 
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3.3.4  A^lng  in  Medlun  Ho.  3.  After  lamersion  In  Hedlum  No.  3,  as 
specified  In  4.2.3»  the  rubber  shall  have  the  folloirlng  properties: 

Tensile  strength,  miniaun  retention,  X  85 

Ultiaate  elongation,  minimum  retention,  %  85 

Hardness,  Shore  A  durometer  8815 

Change  in  volume,  maximum,  %  *^5 

Change  In  volume,  mininnim,  X  0 

3.3.5  Aging  in  MH.-H“1?4S7  fluid  followed  by  exposure  to  air  preasure. 

After  isasersion  in  a  fluid  conforming  to  MIL'H>19457  followed  by  exposure  to 
5200  psig  air  pressure,  as  specified  In  4.2.4,  the  rubber  shall  not  increase 
in  volume  by  more  than  lOX. 

3.3.6  Aging  in  MediiasHo.  3  fluid  followed  by  exposure  to  air  pressure. 

After  immersion  in  Medium  Mo.  3  fluid  followed  by  exposure  to  5200  psig  air  pressure, 
as  specified  in  4.2.4  the  rubber  shall  not  increase  in  volume  by  more  than  lOX. 

3.3.7  Corrosion  and  adhesion.  When  subjected  to  the  corrosion  test  des* 
crlbed  in  4.2.5,  the  0-rlngs  shall  not  corrode  the  specified  metals  sufficiently 

to  roughen  the  metal  surface.  Staining  or  discoloration  of  the  isetal  is  permissible 
If  the  surface  is  not  roughened.  The  O-rings  shall  not  adhere  to  the  metal  sur¬ 
faces  . 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Acceptance  teats.  Tests  shall  be  conducted  at  a  laboratory  satisfactory 
to  the  Bureau  of  Ships.  Tests  shall  measure  the  physical  properties  listed  in  3.3 
using  the  test  procedures  described  in  4.2. 

4.1.1  Sanpllng  Instructions.  The  acceptance  test  samples  shall  consist  of 
the  following: 

51  AN6230-7  O-rings. 

6  Compression  set  specimens  1/4-lnch  chick  by  1.129  inches  in 
diameter . 

6  Hardness  specimens  1/4-lnch  thick  by  2  inches  in  diameter. 

4. 1.1.1  o-rings,  compression  set  specimens,  and  hardness  specimens  shall 
have  the  some  compounding  and  cure  as  the  accompanying  gaskets  or  packings. 

4.2  Test  procedures 

4.2.1  Initial  properties 

4. 2.1.1  Tensile  strength.  The  tensile  strength  shall  be  determined  by 
Method  4111  of  FED-STO-601  except  that  specimens  shall  consist  of  six  AN6230-7 
0- rings.  The  average  value  shall  be  reported. 

4.2. 1.2  Ultimate  elongation.  The  ultimate  elongation  shall  ba  detemined 
by  Method  4121  of  FED-STD-601  on  the  same  specimens  used  in  4. 2. 1.1.  The  average 
value  shall  be  reported. 
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4. 2. 1.3  Kardness.  Hardness  shall  be  aeasured  with  a  Shore  A  duroneter  on 
laolded  speclsieas  1/4-iach  chick  by  2  inches  in  diameter,  in  accordance  with 
HeChod  3021  of  FED-STO-bOl  except  that  the  hardness  reading  shall  be  taken 
15  seconds  after  the  indentor  of  the  duroneter  is  pressed  against  the  speclamn. 

4.2»1.4  Permanent  set.  Permanent  set  shall  be  aeasured  on  three  AN6230-7 
0-rlngs  at  room  temperature  (75*P*5*P) ,  The  inside  diameter  of  each  0-rlng  shall 
be  measured.  The  0-ring  shall  then  be  stretched  over  a  cone  until  the  inside 
diameter  of  the  0-ring  has  been  stretched  50%  (1.5  times  its  original  value). 

After  10  minutes  the  Oaring  shall  be  removed  and  allowed  to  rest  for  10  minutes, 
and  the  new  Inside  diameter  measured.  Permanent  set  shall  be  calculated  as  the 
percentage  increase  in  inside  diameter.  The  average  value  shall  be  reported. 

4.2.2  Properties  after  aging  in  atmospheric  air 

4. 2. 2.1  Tensile  strength  and  ultimate  elongation.  Tensile  strength  and 
ultimate  elongation  shall  be  determined  on  six  AN6230-7  0-rings  by  Method  7221 

of  FKD-STD-601  except  the  aging  period  shall  be  70  hours  at  212*±2*P.  The  average 
values  shall  be  calculated  and  used  in  computing  the  percent  retentions  of  these 
properties  after  aging. 

4. 2. 2. 2  Hardness.  Hardness  shall  be  measured  as  in  4.2.1. 3  on  two  specimens 
which  have  been  aged  for  70  hours  at  212**±2*Fc  The  specimens  shall  be  allowed  to 
recover  at  room  temperature  (75*+5‘‘P)  for  not  less  than  16  nor  more  than  96  hours 
before  measuring  the  hardness. 

4. 2. 2. 3  Compression  set.  Compression  set  shall  be  measured  according  to 
Method  3311  of  FEO-STO-601  except  that  three  specimens  shall  be  tested,  each 
consisting  of  two  molded  disks  l/4-.inch  thick  by  1.129  inches  in  diameter  plied 
together.  The  aging  period  shall  be  70  hours  at  212*t2*F.  At  the  end  of  the 
aging  period,  the  specimens  shall  be  removed  from  the  compression  apparatus  and 
allowed  to  recover  for  30  minutes  in  an  oven  at  212*±2*F.  The  specimens  shall 
then  be  removed  from  the  oven  and  allowed  to  recover  for  an  additional  30  minutes 
at  room  temperature  (75*±S*’F)  .  The  final  thickness  shall  then  be  meaaured.  The 
average  value  shall  be  reported. 

4.2.3  Properties  after  aRing  In  MIL-H-19457  fluid*,  or  lo  Medium  No.  3  fluid 
of  Method  6001.  PTD-STD-601 

4.2. 3.1  Tensile  strength  and  ultimate  elongation.  Tensile  strength  and 
ultimate  elongation  shall  be  measured  on  six  AM6230-7  0-ringa  by  Mlethod  6111  of 
FEI>-STD-601 .  Tensile  strength  shall  be  based  on  the  swollen  cross-sectional 
diameter  measured  ionediately  before  testing.  The  iimaerslon  period  shall  be 

70  hours  at  212*±2*F.  The  average  values  shall  be  calculated  for  use  in  computing 
the  percent  retention  of  these  properties  after  the  aging. 

4. 2. 3. 2  Hardness.  Hardness  shall  be  measured  as  in  4. 2. 1.3  on  two  specimens 
which  have  been  ismersed  In  the  test  fluid  for  70  hours  at  212"i2*F) ,  then  resKTved 
and  cooled  in  a  container  of*the  swse  fluid  at  room  temperature  (75*t5*f)  for 
30i5  minutes.  The  specimens  shall  be  removed,  dipped  am>mentarlly  in  petroleum 
ether,  blotted  dry,  and  the  hardness  measured. 

*  Cellulubc  220  is  a  fluid  which  conforms  to  MIL-H-194S7.  Ccllulube  220  is  sold 
by  the  Celancse  Corporation  of  Amarlca,  Chemical  Division,  180  Madison  Avs., 

Nsw  York  16,  H.  Y. 
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4.Z.3.3  Change  In  voluae.  Change  in  velme  after  liquid  loneralon  thell 
be  measured  on  three  Ail6230-7  O-rings  by  Kechod  6211  of  FED>ST0«601.  The  immer- 
alon  period  shall  be  70  hours  at  212'"t2*F<  The  average  percent  change  in  volume 
of  the  three  0-rlngs  shall  be  reported. 


4.2.A 

fluid,  followed  by  exposure  to  air  pressure.  Four  AN6230-7  0-rings  shall  be  . 
weighed  individually  In  air  (Vi) ,  and  then  weighed  individually  in  distilled 
water  (W2) .  The  O-rlngs  shall  be  dried  and  inmersed  in  the  fluid  for  70  hours 
at  212*F.  At  the  end  of  this  period,  the  O-rlngs  shall  be  restoved  from  the 
fluid,  cooled,  dipped  into  petroleum  ether  and  wiped  dry.  The  0-rings  shall 
then  be  placed  in  a  high-pressure  container,  and  subjected  to  5200  psig  air 
pressure  for  96  hours  at  room  temperature.  At  the  end  of  this  period,  the  air 
pressure  in  the  container  shall  be  lowered  to  0  psig  in  less  than  IS  seconds. 

At  60±2  minutes  after  releasing  the  pressure,  the  0-rings  shall  be  weighed 
individually  in  distilled  water  (W4) .  They  shall  then  be  dried  and  weighed  in¬ 
dividually  in  air  (W3)  .  All  weighings  shall  be  made  on  a  Italance  with  an  accuracy 
of  at  least  ±10  milligrams  and  a  sensitivity  of  at  least  ±2  milligrasm.  The 
percent  change  in  volume  shall  be  calculated  from  the  following  equation: 


(Wl  -  ^4)  -  CWi  - 
Ml  -  M2 


X  100  ■  volume  change ,  X 


The  average  percent  change  in  volume  of  the  four  0-rings  shall  be  reported. 

4.2.5  Corrosion  and  adhesion.  Eight  AN6230-7  0-rings  shall  be  prepared 
for  corrosion  testing  by  conditioning  them  in  a  chamber  maintained  at  92X 
minimum  relative  humidity  and  at  75*tS*F  for  72  hours  minimum.  The  O-rings  shall 
then  be  washed  with  ordinary  hand  soap  and  water,  rinsed  in  clear  water,  and 
wiped  dry. 

4. 2. 5.1  Plates  of  the  metals  listed  below  shall  be  polished  to  a  surface 
roughness  not  to  exceed  15  microinches  rms  finish.  The  plates  shall  be  washed 
with  solvent  naphtha  and  wiped  dry.  The  metals  shall  be  as  follows: 

Aluminum  alloy;  Specification  QQ-A-318,  Teaq>er  H32 
Brass;  Specification  MIL-B-994,  Composition  A 
Bronze;  Specification  QQ-P-330,  Composition  A 
Steel;  Specification  MlL-S-6758,  Condition  C2 

4. 2. 5. 2  Within  15  minutes  after  washing  four  of  the  O-rings,  they  and  five 
metal  plates  shall  be  dipped  in  fluid  conforming  to  MIL-H-19457  and  drained  to 
the  drip  point.  The  O-rrngs  and  plates  shall  then  be  so  laid  together  in  a  stack 
that  at  least  two  O-rings  contact  each  specified  metal .  The  other  four  O-rings 
and  five  of  Che  laetal  plates  shall  be  dipped  in  Medium  No.  3  fluid  and  so  laid 
together  in  j  stack  chat  at  least  two  O-ringa  contact  each  specified  metal.  The 
stacks  shall  be  held  together  with  a  force  of  20  to  30  pounds,  and  left  in  the 

humidity  chasdwr  sMintained  at  92X  minimum  relative  humidity  and  at  75*±5  F  for 
96  hours  minimum. 


4. 2. 5. 3  Mien  the  stacks  are  disassembled,  the  tendency  of  the  O-rings  to 
adhere  to  the  metal  surfaces  shsll  be  noted. 
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4. 2. 5. 4  The  aurfcces  of  the  plates  which  were  in  contact  with  the 
0*rings  ahell  be  wiped  free  of  laBaeraion  fluid  and  scrubbed  lightly  with 
oMthyl  ethyl  ketone.  Any  pita,  eroded  aurka  or  deposits  remainijig  after  this 
process t  which  are  visible  thrdugh  a  microscope  of  approximately  lOX  napslficatioR, 
shall  be  construed  to  be  corrosion.  Dl/^coloration  or  staining  shall  not  be 
considered  detrlatental. 
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PROPERTIES  OF  STOCK  377-112  AND  PROPOSED  SPECIFICATION  REQUIREMENTS 

(Sheet  1  of  2) 


Proposed 

Tests 

Stock  Specification 
377-112  Requirements 

Initial  properties 


Tensile  strength,  pel 

2140 

Min.  1700 

Ultimate  elongation,  1 

140 

Min. 

100 

Stress  at  lOOX  elongation,  psi 

1530 

Shore  A  hardness,  IS-second  reading^'-) 

88 

88±5 

Permanent  set,  T* 

9 

Max. 

12 

After  70  hours  at  212  *F  in  air 

Tensile  strength,  psi 

2270 

Tensile  strength,  retention,  T 

106 

Min. 

85 

Ultimate  elongation,  % 

140 

Ultimate  elongation,  retention,  % 

100 

Min. 

85 

Stress  at  1007.  elongation,  psi 

1550 

Stress  at  100%  elongation,  retention,  7. 

101 

Shore  A  hardness,  15'8econd  reading 

87 

88±5 

Ciiange  in  Shore  A  hardness,  points 

-1 

Compression  set,  % 

33 

Max. 

40 

After  70  hours  at  212  F  in  Cellulube  220 

Tensile  strength,  psi 

2110 

Tensile  strength,  retention,  7. 

99 

Min . 

85 

Ultimate  elongation,  % 

160 

Ultimate  elongation,  retention,  % 

114 

Min. 

85 

Stress  at  100%  elongation,  psi 

1320 

Stress  at  100%  elongation,  retention,  % 

86 

Shore  A  hardness,  IS-second  reading 

84 

8515 

Change  in  Shore  A  hardness,  points 

-4 

Volume  change,  7. 

+5 

Max. 

+8 

Min. 

0 

* 

(1)  All  tests  performed  on  AN6230-7  O-rings 

except 

as  noted. 

(2)  Hardness  measured  on  1/4- Inch  thick  by  2  inch  diameter  specimens. 

(3)  Compression  set  measured  on  specimens  consisting  of  two  1/4-inch  thick 
by  1.129  Inch  diameter  disks  plied  together. 


4^ 


Nar*  Island  naval  Shipyard.  Rubbar  Laboratory,  Roport  Vo.  28>10  of 
IG  July  iifoi,  Dnolaaalflad. 

SVALS  VOR  5200  PSZ  AIR  STSTSIS.  RIVAL  RIRORT.  by  R.  0.  Ford  and 
A.  1.  Barratt 

A  Vlton  B  atook  (377*112)  has  baan  davalepad  uhloh  la 
sultabla  for  auUliis  saala  for  3200  pal  air  syattaa. 

A  apeolfloatlon  ooverlnv  saala  for  this  sarvloa  has  boon 
praparad . 

Corrosion  of  antals  by  Vlton  saala  was  ollMlnatad  by  washing 
tha  saals  with  soap  and  watar  imadlataly  befora  inatallatlon. 

Dry  BolybdanuB  dlaulflda  was  found  on  parforaanea  taats  to  ba  as 
aatlafaotory  a  lubricant  for  Vlton  saala  as  N1L-L-4343A  graaaa 
currant ly  uaad  In  high  prassura  air  systaau. 


I  Vara  Island  Vaval  Shipyard,  Rubbar  Laboratory,  Raport  Vo.  28-10  of 
I  10  J’lly  1962.  Onolaaslflad. 

8IALS  VOR  3200  P3I  AIR  StSTlMS,  RIVAL  RIRORT,  by  R.  D.  Rord  and 
A.  B.  Barratt 

A  Vlton  B  atoek( 377-112)  has  baan  davalopad  which  Is 
sultabla  for  Baking  saals  for  3200  pal  air  ayataaa. 

A  spaolfloatlon  covarlng  saala  for  this  sarvloa  has  baan 
praparad .  * 

I 

Oorraslon  of  aatals  by  Vlton  aaals  was  allBlnatad  by  washing 
tha  saals  with  soap  and  watar  IsMdlataly  bafora  inatallatlon. 

Dry  Bolybdsnua  dlaulflda  was  found  on  parforaanea  taats  to  ba  as 
satlsfaotcry  a  lubricant  for  Vlton  saals  as  RXL-L-4343A  graasa 
currantly  uaad  In  high  prassura  air  systaas. 


'  Vara  Island  Vaval  Shipyard,  Rubbar  Laboratory,  Roport  Vo.  28-10  of 
10  July  1962.  unolaaslflad. 

3IAU  ROR  3200  PSZ  AIR  STSTBIS,  RIVAL  RIRORT,  By  R.  D.  Rord  and 
A.  B.  Barratt 

I  A  Vlton  B  stock  (377-112)  has  boon  davol^ad  which  Is 

j  suitable  for  Baking  saals  for  3200  pal  air  syatSBs. 

I 

A  spaclfleatlon  covering  seals  for  this  asrvloa  has  baan 
j  praparad . 

J  Corrosion  of  Botalo  by  Vlton  aaals  was  allBlnatad  by  washing 

'  tha  saals  with  soap  and  water  lanadlatoly  bofora  inatallatlon. 

Dry  aolybdamas  dlaulflda  was  found  on  parfomanoa  testa  to  ba  as 
'  aatlafaotory  a  lubrloant  for  Vlton  soala  as  NXL-L-4343A  grease 
ourrantly  used  In  high  pressure  air  systaas. 


